-We examined spontaneous and reactive postural control in Progressive Supranuclear Palsy (PSP) and Idiopathic Parkinson's Disease (IPD).
Introduction
Progressive Supranuclear Palsy (PSP) and Idiopathic Parkinson's disease (IPD) are frequent neurodegenerative disabling movement disorders with postural instability and falls in the disease course.
IPD is an alpha-synucleinopathy, affecting primarily the brainstem and later on supratentorial structures (Bloem et al. 2004 , Braak et al. 1996 , Fahn 2003 , Vaugoyeau and Azulay 2010 , resulting in a hypokinetic rigid motor syndrome. Initially, hypokinesia, rigidity and tremor can be well treated with dopaminergic medication; in the later disease course postural control is affected with motor freezing and falling, due to degeneration of nondopaminergic structures (Bloem et al. 2004, Lewis and Barker 2008) . Advanced stage IPD patients preferentially fall forward, due to a stooped posture and consecutive forward shift of body mass; in early stages a predilection falling backwards has been described, but at all stages falls in any direction may occur (Bloem et al. 2004 , Horak et al. 2005 , Immisch et al. 1999 , McVey et al. 2013 . Orthostatic dysfunction (Wood et al. 2002) and frontal executive disorders (Allcock et al. 2009 , Bloem et al. 2004 contribute to postural control abnormalities.
PSP is a tauopathy preferentially targeting the midbrain area with a typical vertical gaze disorder (Esper et al. 2007 , Immisch et al. 1999 , Liao et al. 2008 , Ondo et al. 2000 , Respondek et al. 2013 , Steele et al. 1964 ).
Because symptoms also include rigidity and hypokinesia like in IPD and since the typical gaze symptoms may initially be absent (e.g. early-stage vertical saccade slowing especially downwards), early PSP can be easily mistaken for IPD (Factor 2008) . All symptoms including postural instability respond poorly to dopaminergic medication and falls occur in the first disease year. Falls are typically unprovoked backwards and without reflexive countermeasures, injuring mostly the back of the head with considerably higher morbidity and even mortality versus IPD (Matinolli et al. 2007 , Wielinski et al. 2005 . PSP patients typically cannot foresee these sudden falls, whereas IPD patients become fully aware that postural limits are overcome and a fall is imminent (Factor 2008 , Matinolli et al. 2007 , Respondek et al. 2013 , Wielinski et al. 2005 . Thus, postural control mechanisms might be differently affected in both cases.
Upright stance is constantly challenged by internal and external perturbations (Maurer and Peterka 2005) and stance control needs to be robust against internal instability, while remaining flexible to external forces (Chong et al. 1999 , Cnyrim et al. 2009 ). Multisensory integration (Bötzel et al. 2001 , Maurer et al. 2006a , Mergner et al. 2005 , Vaugoyeau and Azulay 2011 of the vestibular, and the visual system (vertical /horizontal alignment; optic flow) as well as of the joint and deep tissue proprioceptors generates higher-order intrinsic and head-referenced coordinate systems of body in space and vertical alignment, surpassing the sensory limitations of the individual sensory arrays (Brandt and Strupp 2005 , Cnyrim et al. 2009 , Gomez et al. 2009 , Kammermeier et al. 2015 , Lopez and Blanke 2011 , Maurer et al. 2006a , 2003 , Schweigart and Mergner 2008 , Woollacott 1993 .
Computational Neuroscience models based on inverted pendulums have been used to interpret postural control data for a long time (e.g. Assländer et al. 2013 , Bötzel et al. 2001 , Gomez et al. 2009 , Kim et al. 2009 , Maurer et al. 2006a , Mergner et al. 2003 , Schweigart and Mergner 2008 , Winter 1995 . Postural reactions to external perturbations are interpreted as a feedback closed circuit loop with proportional, derivative and integrative (PDI) properties (reviewed in Engelhart et al. 2014) . The feedback signals are based on fused sensory information using a "sensory reweighting mechanism" for alignment of the body either towards the space vertical along gravity vs. orthogonal to a support surface in a dynamic range (0-100% space vs. surface alignment).
Previous research on postural control deficits in Parkinson disease focused mainly on gait initiation/termination with extensive literature elsewhere. Studies of postural control concentrated on combinations of sensory challenges like platform tilts, neck vibrations or visual stimuli (e.g. Maurer et al. 2004 , Vaugoyeau and Azulay 2011 . It has been reported that IPD leads to an abnormal use of sensory information with higher visual and lower proprioceptive input (Jacob and Horak 2006 , Vaugoyeau and Azulay 2011 and excessive postural corrections of external perturbations (Maurer et al. 2004 . Previous studies were inconsistent on spontaneous, unperturbed stance in IPD resulting either in higher or lower sway amplitudes, depending on selection of disease stage and medication (Matinolli et al. 2007 , Maurer et al. 2004 , Romero and Stelmach 2003 , Suarez et al. 2009 ).
Paradigms with enhancement of spontaneous sway via coupling of platform movements to body excursions as in the sensory organization test SOT (Nashner and Berthoz 1978, Ondo et al. 2000) give more in-depth information about postural control, but still lack a systematic evaluation of input-output relationships. Using a fixed input function (e.g. platform tilt) allows for systemic analysis of the relationship between this input and a dependent output (body excursion; Engelhart et al. 2014, van der Kooij and Peterka 2011) . Moreover, this input function may stimulate sensory channels separately, which further enhances the characterization of a pathological system (Kim et al. 2009 , Paulus et al. 1988 .
In general, studies of postural control in PSP are extremely scarce (e.g. Ondo et al. 2000) and point towards deficits in central otolith graviception processing (Liao et al. 2008) ; however pathophysiological mechanisms behind PSP falls largely remain a mystery.
A targeted neuromodulatory therapy for postural instability and falling pathology (e.g. pedunculopontine deep brain stimulation in either IPD or PSP; Moro et al. 2010 , Stefani et al. 2007 ) has been proposed with mixed results with few subjects. Neural correlates for the described functional deficits have not been sufficiently defined and therefore therapy is in an experimental stage (Bloem et al. 2004, Lewis and Barker 2008) .
In the study presented here, we investigated postural reactions of patients suffering from IPD and ambulatory PSP to small tilts of the body support surface across a wide frequency range (broadband pseudorandom stimuli). Data obtained was used for the characterization of the disease-specific deficits. The objectives were to identify disease-specific abnormalities of the postural control system based on known physiological mechanism of sensorimotor control, such as the use of sensory information, error correction gains, and feedback time delays. Potential differences may not only support the identification of the correct diagnosis but, in addition, may trigger disease-specific therapeutic interventions.
Materials and Methods:
Subjects Three groups were recruited for a series of related studies; the general setup is shown in Figure 1 . Subject demographics and clinical scores are summarized in Table 1 . All participants gave written informed consent and data was anonymized at study inclusion, in accordance with the Helsinki Declaration and the local ethics committee (142/04; Ethikkommission der Medizinischen Fakultät).
11 IPD participated (four female, seven male; 69±3,3 years), with a 4+ years course of typical LDopa-responsive hypokinetic-rigid syndrome, no clinical indications of atypical Parkinsonism, known postural instability in the pull test and falls more than once a month, in accordance with diagnostic criteria of the International Movement Disorder Society (Postuma et al 2015) . Since IPD patients fall regularly even under their optimal medication we put patients on their regular medication in ON, none had deep brain stimulation. Table 1. 17 PSP patients participated (67±4,0 years old, ten female, seven male). All but one were also participants of the PROSPERA study (prematurely ended, randomized double-blinded Rasagiline in PSP, EudraCT number 2008-007520-26). All PSP patients were "Clinical Probable PSP" according to the NINDS-SPSP criteria (Respondek et al. 2013 ; "Definite PSP" requires all criteria of "Clinical Probable" plus post-mortem histology). Clinical testing included (additional to those tested in IPD): PSP Rating Scale PSPRS, the scale of the NNiPPS study Table 1 ).
Control subjects were recruited from family members of the patients, relatives of the authors and former university personnel. 19 participated (age 58±9,1, 11 females and seven males). None had history of neurological disorders of any sort or orthopaedic disorders requiring surgery or regular medication. Control subjects were significantly younger than IPD patients, and not significantly younger than PSP patients. When comparing IPD and PSP to control subjects, in the discussion section, we relate to the possible impact of this difference.
Due to publication constraints by PROSPERA, all patients were followed up for four years. None was rediagnosed with a different Parkinsonism spectrum disorder; no control subject developed any Parkinsonism spectrum disorder.
Dynamic Posturography
All subjects stood on a Toennis dynamic tilt platform with integrated piezoelectric posturography element (designs out of production, support surface 38x58cm, turning angle around ankle joint, Immisch et al. 1999 ). The feet were placed together at the soles on the platform. Auditory exclusion was provided by earmuffs ( Figure 1 ).
The tilt stimulus was delivered from a personal computer running Matlab (The MathWorks Inc., Natick, MA, USA, www.matlab.com). An anteroposterior (y-axis) center of foot pressure COP displacement signal (surrogate parameter of center of mass COM) was received in turn.
3D Motion Analysis
Zebris 3D real time ultrasound position markers were placed on the subjects, pointing backwards to define head, upper trunk, hip and knee motion/position during the experiments (placement see Figure 1 ). The ultrasound receiver CMS20S was placed ~1m behind subjects on the platform at roughly head level and micro-adjusted to get full coverage of all markers throughout the platform motion range (all products Zebris Medical GmbH, Isny im Allgäu, Germany, www.zebris.de). The innate Zebris software recorded the 3D position tracks concurrent with platform motion. Sampling rate was dynamic between 80-200Hz depending on momentarily detectable markers and was resampled post-hoc to 100Hz.
Anthropometric data was collected for later correlation with 3D marker position and passive body mechanics modelling (height of head and knee markers over platform, body height and weight).
Broadband Platform Tilt
Platform rotations were designed as pseudorandom stimuli (PRTS, pseudorandom ternary sequence) with two peak angular displacements (0.5° and 1°) condensed at eleven frequencies (0.05, 0.15, 0.3, 0.4, 0.55, 0.7, 0.9, 1.1, 1.35, 1.75 and 2.2Hz), which hamper habituation effects and reflect a frequency range to which the human body can adequately produce postural compensation reactions. Note that these miniscule amplitudes were well within stability margins of all subjects tested, even of the most severely affected PSP patients enrolled here.
Stimuli were barely noticeable by the subjects. This related to PSP patients' typical anamnestic statements, suggesting that falls were related to miniscule floor unevenness or even "no apparent reason at all".
Course of Experiments
For each subject an eyes open (EO) and eyes closed (EC) trial were completed, followed by the next higher amplitude set. During recording, 30s of spontaneous undisturbed stance (see Figure 2 ) were followed without announcement by 60s of platform tilting (sway characteristics see Figure 3 ) and another 30s of undisturbed stance.
Data Analysis
Data analysis was performed with custom-built software programmed in Matlab (MathWorks). From the COP and lower /upper body excursions over time in anterior-posterior and medio-lateral directions the RMS around the mean COP position and mean sway velocity (MV) were calculated. Mean Frequency (F50) was computed from MV and RMS. For platform anterior-posterior tilts, transfer functions from stimulus-response data were calculated by discrete Fourier transform. More specifically, we calculated the amount of anterior-posterior angular body excursions with respect to platform angular excursions, termed GAIN, and their temporal relationship, termed PHASE as a function of stimulus frequencies. For example, a GAIN value of 1 (unity) and a PHASE value of 0 deg would indicate that the body angular excursion exactly follows the platform angular excursion with zero delay. These transfer functions were used for model simulations, using a predefined model of upright stance.
Mean GAIN of each healthy subject was calculated for each frequency component of the PRTS stimulus separately and divided by the respective value of the averaged healthy subjects. This value was used for comparison and visualization of pathological GAIN behavior in relation to healthy postural control (e.g. see [Bpas] of muscles and tendons, accounting to roughly 0.1 to the overall stiffness and damping. With the help of an optimization procedure ("fmincon" function in Matlab), the simulations were fitted to the experimental GAIN and PHASE values under different stimulus frequencies, amplitudes and visual conditions. In summary, the computational neuro-postural model describes the body's ability to correct any displacement away from the reference frame, defined by the sensory weighting.
Results
All groups were compared with respect to spontaneous unperturbed sway, reaction to platform tilts, postural model parameters and anteroposterior asymmetry. Center of pressure COP was the main parameter used for analysis.
Spontaneous Sway
Group designation (PSP/ IPD/ CTR) significantly determined COP root mean square (RMS) displacement.
PSP and IPD patients' RMS (both 0.26 cm) were significantly smaller than control group's RMS (0.33 cm; For all of the above parameters there was no effect depending on PSP subjects receiving a baseline dose of LDopa or Rasagiline verum versus placebo. could be used as a criterion for separating PSP from both IPD and healthy subjects with a sensitivity of 94%, and a specificity of 72%.
Externally perturbed stance
PHASE was not significantly different between groups (F(2,44)= 0.37, p= 0.69). As with GAIN, PHASE significantly depended on frequency (F(10,36)= 95, p< 0.0001), visual condition (F(2,44)= 7.7, p= 0.006) and stimulus amplitude (F(2,44)= 40, p< 0.0001), across all groups.
For all of the above parameters there was no effect depending on PSP subjects receiving a baseline dose of LDopa or Rasagiline verum versus placebo.
Parameter identification
All simulated sway measures were within ±1 SD of experimental data. 
Anteroposterior asymmetry indicators
Anteroposterior asymmetry of the static posture was calculated as a probability histogram of COP and both body segments relative to the knee markers. Upper body displacement was defined by the shoulder marker midpoint; lower body position was indicated by the median hip marker. Posture was significantly depending on groups (F(2,44)=21, p< 0.0001). PSP were frequently bent forward in a range between 10-15cm. IPD bent forward to a lesser extent (5cm), whereas controls were aligned close to the space vertical (shoulder vs. hip: PSP 11.2 +/-6.8 cm, IPD 7.4 +/-8.4 cm, controls 2.2 +/-3.7 cm, see Figure 6 ). 
Clinical scales

Discussion
Patient selection
Limitations of the study concern the matching of the disease groups. The pathophysiological and clinical nature of PSP and IPD are clearly very different. IPD patients display much longer disease durations to exhibit typical late-stage forward falling, as compared to PSP patients. The Hoehn & Yahr staging of the PSP cases appears more severe than those of IPD patients (IPD tested in ON state, reflected in the overall Hoehn & Yahr rating at that time). Clinicians are often faced with a diagnostic challenge at presentation, whereas in this study we examined naturally more advanced cases of IPD with less advanced, still ambulatory PSP cases, who would eventually lose independent locomotion within a short timeframe of months, in order to investigate the underlying neurophysiological pathology.
Spontaneous sway
Parameters RMS, F50 and MV yielded characteristic differences between groups for both the COP and upper/lower body segments. The RMS of the sway path as a general indicator of applied stabilization effort along the sway trajectory was particularly lower in PSP than in IPD and controls. This is likely due to postural control with reduced resources and stability limits actively keeping the body segments meticulously close to vertical alignment, away from the stability limits. So far every disease affecting postural control on either a sensory or central level -including IPD and PSP -has been shown to limit the range of unperturbed spontaneous sway and stability limits (Horak et al. 2005 , Immisch et al. 1999 , Kim et al. 2009 , Maurer et al 2004 , Ondo et al. 2000 , Romero and Stelmach 2003 , Woollacott 1993 . With the ongoing medication regime in posturally unstable IPD, RMS was below the relatively young controls, which intentionally covered the wider spectrum of the clinical IPD age range. Older control subjects in a previous study of this group (Wiesmeier et al. 2015) have exhibited larger COP-RMS values and more pronounced excursions of the upper body segment, which would have increased the distance to the already significantly different values found here (Kim et al. 2009 , Woollacott 1993 ).
The mean frequency and velocity results (F50, MV) were similar to the RMS findings with the lowest values found in PSP and the highest presented by the control subjects, with IPD taking a middle position. PSP and, to a lesser extent IPD maintained their unperturbed upright stance with lower velocities and frequencies, as likely indicators of axial rigidity. Interestingly, we found increased F50 and MV in untreated IPD patients in an earlier study (Maurer et al. 2004) . Spontaneous sway behavior of PSP patients resembles that of medically treated IPD, not untreated IPD described in the older study. This points to the notion that pathological sway behavior in PSP and IPD might originate from different sources.
In all subjects, sway was more expressed with eyes closed (compare Ondo et al. 2000) , depriving subjects of the visual flow and verticality alignment for the individual body segments. For COP, there was only a nearsignificant effect in comparison to the highly significant effects found for the upper and lower body segment motion (Paulus et al. 1988 ). This might be due to the lowpass filter characteristics of the body which pronounces the low frequency content of the muscle torque around the ankle joint. Obviously, the low frequency content is more vulnerable to visual cues than the high frequency content determining the COP (Cnyrim et al. 2009 , Mergner et al. 2003 . The influence of EC/EO similarly affected the separate groups on their distinct levels of swaying. Also, anteroposterior displacement was relatively higher compared to lateral sway across all groups tested, which has been observed consistently throughout the literature (see e.g. Prieto et al. 1996) .
Perturbed sway characteristics
The main differences between the investigated groups were in GAIN, yielding the largest stimulus related body excursions in PSP, disproportionately large for the lowest and the highest frequencies and for the upper body segment (indications for upper body problems to sway suspected in Immisch et al 1999) . The overall large GAIN in PSP may be used to identify PSP patients with respect to IPD and healthy subjects with a sensitivity of 94%, and a specificity of 72%, if one applies a GAIN cut-off value of 2.9. PSP patients' large GAIN indicates a distinct PSP feature of overreacting to miniscule support surface perturbations as low as and below perception threshold. Since PSP patients' body excursions were larger than those of IPD and control subjects, rigidity of the ankle may contribute to this effect, as rigidity would help to drag the body along the platform movements. On the other hand, PSP patients' angular body excursions were three times larger than the platform angular excursions across a broad range of frequencies. One might argue that rigidity may even hamper PSP patients' body to display excursions that are so much larger than the platform tilts. The M-shaped frequency dependency with particularly large postural reactions at higher frequencies > 1Hz ( Figure 4A ) was different from the IPD and control subjects, as well as from previously described vestibular loss patients with a pronounced low-to-medium frequency deficit (Maurer et al. 2006b ). Additionally, increasing the stimulus amplitude by applying larger platform tilts yielded a nonlinearly higher response in PSP for the larger 1º tilt. While IPD subjects also displayed slightly larger stimulus related body excursions as compared to control subjects, the GAIN values were differently distributed across stimulus frequencies. These differences between PSP and IPD may already indicate that their postural impairments have different pathophysiological reasons (Kim et al. 2009 , Maurer et al. 2004 ).
Our experimental findings suggest that PSP patients amplify minimal support surface tilts with their whole body, which may indicate that tilt-related information is scaled too high centrally. Moreover, PSP patients' large upper body reactions point to increased hip flexions, which were previously observed in healthy subjects near stability limits and by elderly subjects (Wiesmeier et al. 2015) .
Overall, the phase lag (PHASE) of postural reactions was consistent across all subjects group, indicating that despite specific signal amplification differences in PSP, IPD, and healthy subjects, the central sensory processing speed, acuity , Wiesmeier et al. 2015 and efferent motor control were largely similar.
Parameter identification results
The experimental characteristics described above could be reproduced by simulations of known postural control models of a single inverted pendulum representing the sway of the center of mass (see e.g. Engelhart et al. 2014 , Peterka 2002 , Wiesmeier et al. 2015 . We stick here to a center-of-mass (COM) model, since identifying a twosegment model would double the number of free parameters. This would cause redundancies and the fitting process would no longer converge to a certain set of parameters. Factors that determine the individual effort to correct for body excursions, namely proportional [Kp/mgh], and derivative gain [Kd/mgh] were largest in healthy control subjects, smaller in IPD, and smallest in PSP. The reduction of [Kp/mgh] and [Kd/mgh] in patients representing reduced feedback gain, was already assumed by Kim et al. 2009 for IPD. This reduction in feedback gain is even more pronounced in PSP. Moreover, PSP patients tended to align to a proprioceptivebased platform vertical-related coordinate frame. IPD patients were more vestibular-aligned than healthy control subjects (Vaugoyeau and Azulay 2011) . PSP patients' pronounced use of proprioception is in line with proposed higher-order otolith-related gravitational verticality deficits found by Liao and colleagues (2008) . Additionally, a recent study with neck vibration (Kammermeier et al. 2017a) found intact tonic neck reflexes no different from healthy controls in the same PSP patients studied here. Together with a tendency towards a higher systems time delay [Td] in PSP, all these parameter changes add up to the significant differences in postural reactions as represented by gain and phase values. The parameter identification approach is able to separate pure passive effects of stiffness and rigidity from differences in active control based on different time delays of motor reactions (active control about 120 ms in PSP, passive 0 ms time delay). Interestingly, passive stiffness and damping was not increased in PSP subjects.
Regarding static anteroposterior asymmetry, both PSP and IPD showed larger bending forward than controls. IPD patients typically fall forward in advanced disease stages after several years, due to a stooped posture and consecutive forward shift of body mass; in the first years they are more likely to fall backwards or even omnidirectionally (Bloem et al. 2004 , Horak et al. 2005 , Immisch et al. 1999 , McVey et al. 2013 .
Interestingly, PSP patients' even larger forward shift of body mass in our experiment seems to contradict the typical backward falls reported in the literature (see e.g. Wielinski et al. 2005) . This likely resembles a central compensatory strategy against the ambidirectional central gain deficits described above, in contrast to the disease-specific general physiological joint flexion forward in advanced IPD. The origin of preferential backward falls in PSP may therefore likely correspond to an ambidirectional anteroposterior gain instability (i.e. both forward and backwards) in conjunction with the biomechanical properties of the lower extremity hip and knee joints, which naturally have disadvantageous lever mechanisms backwards.
A related study in the same patient collective of PSP and IPD (Kammermeier et al. 2017b ) investigated postural responses during self-triggered fast-forward lifting of a small mass (<2% of total body mass), reflecting everyday frequent tasks. These movements were shown to decompensate PSP postural stability with excessive force scaling and multi-axial high-frequency body sway, which also points toward a central gain abnormality.
A recent study on PSP and IPD postural deficits conducted concurrently and independently with support surface forward versus backward tilt by Dale and colleagues (Dale et al. 2017) found reduced subjective perception of passive backward tilt in PSP. Methodically, their study used slow single-frequency sinusoidal anteroposterior platform rotation; subjects indicated perceived verticality with a handheld rod. Their study described PSP postural deficits of the conscious multisensory concept of body in space, currently believed to correlate with the multilocular vestibular cortical areas (see Introduction and Brandt and Strupp 2005) . The results presented in our study describe the motor effects of multisensory integration -supposedly on a brainstem level -with the mechanical constraints of the body in 3D motor analysis and a computational model. Both studies together suggest that PSP are endangered for backward falls by a conscious insensitivity to backward displacement and a combination of motor gain control and biomechanical restrictions facilitating backward instability.
Impact of clinical parameters
UPDRS postural instability, walking, arising from a chair and overall gait, SEADL, PIGD, and Hoehn & Yahr all correlated with abnormally low sensorimotor feedback loop gain ([P/mgh], [D/mgh]), suggesting that GAIN is a major postural instability factor in PSP, and to lesser extent in IPD. Spontaneous sway abnormalities (RMS, MV) correlated with Freezing and depression. This indicates that spontaneous unperturbed sway measure changes concur with advanced-stage and non-motor abnormalities beyond disturbed sensorimotor control mechanism along the progress of the disease (Engelhart et al. 2014) .
Possible clinical implications
Experimental and computational results of this study point to disproportionally large body excursions in PSP in contrast to IPD, based on differences in correctional efforts as well as in their use of sensory information. These differences could be used as a diagnostic tool to separate PSP from IPD. GAIN as a measure for the relation between angular body excursion and angular platform excursion can be easily computed from readily available motion capture systems, which may either be based on MEMS (microelectro-mechanical systems, merging inertial measurement units (IMUs), magnetometers, and rate gyroscopes) or camera systems. Whether intermittent biofeedback training for postural GAIN adjustments could prolong the ambulatory phase in PSP disease, or continuous feedback by sensory augmentation mechanisms are required, needs to be determined by future studies. Additionally, plain orthetic modifications of the joints or specific physiotherapy training like Medical Training Therapy (MTT) might positively influence PSP instability, e.g. backwards extended soles or strengthening the forward compensating abilities of the knee extensors and hip flexors.
Conclusion
Experimental data during miniscule anteroposterior platform tilts near the perception threshold with a broadband pseudorandom stimulus demonstrated distinct and specific differences between PSP and IPD, which are based on larger postural reactions especially at low and high frequencies, a disproportionately higher response by the upper body and nonlinear response to higher tilt amplitudes in PSP. Model simulations could emulate the experimental data, pointing towards PSP-specific lower error correction gain, and a support-surface related rather than a space-verticality-centered postural alignment preference, which was instead preferred by IPD (e.g.
Vaugoyeau and Azulay 2010).
Significance
Findings may provide understanding of the underlying functional deficits and lay groundwork for further studies in functional neuroanatomy, to define a structural correlate for possible specific therapeutic targets and in order to address falling pathology with high morbidity and mortality in PSP. PSP patients' large postural reactions, represented by large GAIN values, could be used as a diagnostic aid to identify PSP patients among IPD patients, and may open up a possibility to specifically address physiotherapeutical interventions to either patient group.
Author Disclosure
The authors declare no conflict of interest. The position of a test subject on the tilting platform is depicted from various angles and detail shots. Feet were placed inside marked positions with the heels together and the tips spread 15° apart, arms hanging down loosely by the sides. 3D ultrasound positional markers (Zebris system) were placed to mark head (3x), upper chest (3x), hip (1x) and lateral femoral epicondyles (2x, not depicted). Center of foot pressure probability histogram.
Funding
This figure displays the sum of every individual's center of foot pressure COP data points per resampled 100Hz acquisition rate ("episodes", y axis) along the anteroposterior platform axis (x axis) for the total duration of the
